ABSTRACT: Octopus birnaculatus, a common member of intertidal and subtidal communities in southern California, consumes many motile benthic invertebrate species, including snails, chitons, h p e t s , bivalves, and crustaceans. An analysis of octopus d d holes in empty snail shells indicates that 0. bimaculatus is a major s n d predator in the community. The addition of marked snails to a natural reef with unmanipulated octopus densities demonstrated that octopuses can quickly reduce s n d abundances, consuming 24 % of the available snails within 24 d. During 5 yr at 1 site, octopus abundance declined from 40 to 8 octopuses, while total prey abundance increased from 16 to 80 ind m-'. A second site experienced a similar drop in octopus density and increase in prey density over 3 yr. At both sites, snails and hermit crabs showed the greatest increases. Sedentary grazers, bivalves, and crabs and shrimps occurred at low densities throughout, possibly because the abundances of these preferred prey were depressed by octopus predation even during years of low octopus density. In splte of the strong negative association at the 2 sltes between octopus and prey over time, for a single time penod at 15 different s~t e s prey densities were not negatively correlated w t h the densities of their predators. However, octopus densities were much higher when they appeared to reduce the abundances of their prey than when the 15 different sites were sampled. I conclude that octopus predation can dramatically reduce prey densities when octopuses are unusually common, but that in most years the abundance of octopuses 1s too low to disrupt the basic patterns of prey abundance that result from other processes. The hghest prey species richness and diversity at the 2 study sites occurred during years of lowest octopus densities. Species richness, chversity and evenness of the prey assemblage were not correlated with octopus, lobster or predatory gastropod abundances at the 15 different locations; when the effects of habitat structure were held constant by partial correlation, seastar abundance was negatively correlated with species nchness and diversity. The relation between predation and species chversity suggests that, when predation is effective in this assemblage, it decreases diversity.
INTRODUCTION
Predators often influence the structure of communities. The effect of predation on the number of cooccurring species in a community (Paine 1966 , Harper 1969 has perhaps attracted the most attention. Underlying the effects of predators on diversity are their effects on the abundances and/or distributions of their prey. In marine communities, most studies of predation have involved sessile or sedentary organisms (Lubchenco 1978 , Tribble 1981 , Connell 1970 , Russ 1980 , and many others). Remarkably few studies have evaluated how predation affects assemblages of motile benthic species.
Motdity itself may influence the nature of the pre- dator-prey interaction, since new defenses against predation are available through movement. Running responses are very common in motile benthic invertebrates (Feder 1963 , Ansell 1969 , Schmitt 1981 , McKillup 1982 . Motility also allows prey to use temporary refuges, thereby reducing exposure to predation (Hall et al. 1970 , Nelson & Vance 1979 , Wells 1980 , Bernstein et al. 1981 , Menge & Lubchenco 1981 , Hines & Pearse 1982 . These responses may have important consequences for prey distributions and the organization of the prey assemblage (Vance 1979 , Markowitz 1980 , Menge & Lubchenco 1981 , Schmitt 1982 , Fawcett 1984 . In spite of motility-related defenses, predation on motile species has been reported to be important in some communities. In temperate subtidal habitats, sea otters, fish, and crabs may drastically reduce the abundance of urchins (Muntz et al. 1965 , Duggins 1980 , Bernstein et al. 1981 ) a n d abalone (Hines & Pearse 1982) . Slower-moving predators such as seastars may affect gastropod (Paine 1969 , Schmitt 1982 and urchin (Bernstein et al. 1981 ) distnbutions and abundances.
Octopuses have been reported to be major predators of motile species in several marine communities (Onuf 1972 , Fotheringham 1974 , Wells 1980 , Schmitt 1982 , Arnbrose & Nelson 1983 , Fawcett 1984 . From 1978 From to 1982 examined the interactions between Octopus bimaculatus Verrill, a common member of intertidal and subtidal communities in southern California, and its prey, assorted motile benthic invertebrates on subtidal rocky substrates. My intent was to determine the impact of octopus predation on prey species abundances a n d species richness. In t h s paper, I examine first the importance of octopus predation, relative to other predators, using field observations and experiments. To evaluate the impact of octopus predation on the abundances of its prey, 1 monitored octopus abundance and prey densities at a single location for 5 yr. For 3 of the 5 yr I also m.ade observations on octopus and prey densities at a second location. Finally, 1 test the expectation that;if predators are a significant mortality source for their prey, prey abundances will be negatively correlated to predator abundances by relating the abundances of octopuses and other predators to prey abundances and the compostition of the prey assemblage a t different locations at Santa Catalina Island.
Natural history of Octopus bimaculatus
The two-spotted octopus Octopus bimaculatus occurs from Santa Barbara, California and the Channel Islands to the southern tip of Baja California and in the Gulf of California (Hochberg & Fields 1980) . 0. blmaculatus is found in holes and crevices in a wide range of hard-substrate habitats. Although shelters may be scarce in some areas, it appears that shelters generally do not limit the size of 0. bimaculatus populations (Ambrose 1982a) . Many octopuses inhabit the same shelter for an extended period of time (at least 1 mo; Ambrose 1982a). Mating occurs year-round, but peaks in winter. Females brood their eggs for 1 to 3 mo in late spring through early summer and die soon after the eggs hatch. The young are planktonic for one to several months before settling to the bottom. In spite of nearly synchronous hatching at Santa Catalina Island, young 0 . bimaculatus settle throughout the year. After settlement, juveniles live in small shelters and kelp holdfasts, and apparently feed primarily on small cmstaceans. The lifespan of 0, bimaculatus is probably 12 to 18 mo, dependmg on the time of settlement.
Octopus bimaculatus is a generalist predator that consumes a wide variety of motile benthic invertebrates; at Santa Catalina Island, snails make up 75 O/O of its diet, with chitons, bivalves, crabs, and hermit crabs comprising most of the remaining portion (Ambrose 1984) . Invertebrate predators that cooccur with 0. bimaculatus and consume the same prey, plus some sessile species, include the seastar Pisaster giganteus, the lobster Panuhrus interruptus, and the snail Kelletia kelletii. This assemblage of predators and prey species has previously been studied by Schmitt (1982) , who described species abundance patterns over a variety of rocky substrates, including cobble areas.
METHODS
l examined 15 locations on the lee side of Santa Catalina Idand, off the coast of California, USA (33" 27' N, 118" 29' W; Fig. 1 ). The 15 locations include many substrate and vegetation types, but all are relatively protected horizontal areas in less than 10 m of water. The most common substrates are small rocks, boulders and bedrock, somet~mes interspersed with sand a n d shelly debris; because few predators occur in cobble areas (Schmitt 1982, pers. obs.) , I have not included this habitat. Vegetation on these rocky substrates characteristically consists of 'bushy' algae and erect a n d encrusting coralline algae. Most rocky reefs support forests of giant kelp Macrocystis pyrifera; Eisenia arborea is locally abundant at shallow (3 to 5 m) depths. At some locations an introduced species, Sargassum muticum, achieves extremely high densities in winter (Ambrose & Nelson 1982 ). The sites are described in more detail in Ambrose (1982b) .
A permanent study site was established at the east end of Bird Rock ('East Bird Rock'), an islet 0.5 km off Santa Catalina Island (Fig. 1, Site #14 ). Since 1976, giant kelp has been nearly absent and Sargassum muticum has been seasonally very abundant. The study site depth varied from 4 m (at the lower edge of an Eisenia arborea bed) to a maximum of 10 m. East Bird Rock was chosen because it supported a large octopus population. Lobsters were also active on the site, although they concentrated their foraging activities in a nearby intertidal mussel bed. Seastars and Kelletia kelletii, though present, were never numerous.
Shell censuses. Octopuses typically kill their shelled prey by drilling a small hole in the shell to inject poison (Pilson & Taylor 1961) . Octopus drill holes have a characteristic shape and can easily b e distinguished from the drill holes of predatory gastropods. It IS possible to obtain a rough estimate of octopus predation by censusing empty shells in the field to determine the proportion drilled by octopuses (Fotheringham 1974 , Ambrose & Nelson 1983 , Fawcett 1984 . Field experiment at Isthmus Reef. To estimate the mortality rate of snails under conditions of unmanipulated octopus density, marked s n d s were added to a relatively isolated rocky reef a t Isthmus Reef (Fig. 1 , Site #11) in November 1977. Reef area was approximately 75 m2. Natural snail abundance was extremely low: only 1 Astraea undosa was found on the reef. One hundred marked individuals of each of 3 snail species, Tegula aureotincta, T. eiseni, and Norrisia norrisi, were placed on the reef. Snails were marked in the laboratory by applylng ink to the top of the shell. After the snails were added, prey densities were within normal densities observed in similar habitats. Asteroid and octopus densities were monitored by visual census of the reef (but not manipulated) and all newly killed snails (i.e. empty shells), both marked and unmarked, were collected on 7 occasions during 24 d. After 24 d, all remaining marked snails were collected. A few days after placement, some marked T. aureotincta and N. norrisi were found to have emigrated from the reef, so fewer of these species were available to the predators. Therefore, mortality of the marked population was based only on snails actually available to the predators (i.e. still on the reef), estimated as the total number of marked snails (alive and dead) collected from the reef.
Temporal comparison. East Bird Rock was censused for octopuses on 68 occasions between June 1976 and July 1982. During each census all known and potential octopus shelters were examined and the location of each octopus recorded. The octopus population during these varied from 7 to 45 octopuses (mean + SD = 23.2 k 11.5). These fluctuations make it possible to relate prey densities to the size of the octopus population. I measured prey densities at East Bird Rock (as described below under 'Abundance patterns') at yearly intervals from 1978 until 1982 (October 1978 , June 1979 , June 1980 , July 1981 , July 1982 . Because both predator and prey abundances were measured at the same time and in the same place for many years, these data should indicate whether octopuses had an impact on their prey.
Octopus and prey densities were also measured a t West Bird Rock (Site #12). This site is similar to the East Bird Rock site in depth and topography, but supports a dense giant kelp forest; Sargassum muticum has not yet achieved high abundances. Species abundances were measured at West Bird Rock in 1979 Rock in , 1980 Rock in , and 1981 . Octopus densities were measured as described below rather than censused as at East Bird Rock.
Abundance patterns. Species densities were measured at 15 different locations on the lee side of Catalina (Fig. 1) . To reduce the effects of seasonal and yearly variation in predation, all sampling was conlpleted during a short period of time (16 J u n to 23 Jul 1980). Sampling was restricted to a single habitat type: shallow rocky substrates. Predators were sampled in a large area (approximately 200 m') because they are large and motile.
At each study site, predator density was measured by searching systematically for 0.5 h on one side of a 20 m line. The numbers of Octopus bimaculatus, Pisaster giganteus, Panulirus interruptus, and Kelletia kelletii were recorded, and the area searched was measured for calculation of the density of each predator.
Prey densities were measured by censusing 20 (22 a t Site #15) haphazardly placed 0.25 m2 quadrats. All individuals of the potential prey species were counted in each quadrat. Prey were classified into 7 groups on the basis of ecological, morphological, and/or taxonomic criteria, as follows: (1) snails; (2) sedentary grazers, including limpets, chitons, and abalone; (3) unattached bivalves; (4) crustaceans, including crabs and shrimps; (5) hermit crabs; ( 6 ) vermetid gastropods (sessile snails); and (7) sessile prey, such a s attached bivalves and barnacles. These groups encompass most of the large species on subtidal rocky substrates at Catalina; not included were sea cucumbers, urchins, less conspicuous taxa such as polychaete worms, a n d rare or small-bodied taxa such a s nudibranchs. lndividuals were identified to the species level, with the following exceptions. Because of their rapid movements, some shrimps and crabs could not be idenhfied. Chitons, limpets, and abalone were not identified to the species level; usually no more than one species from each of these groups occurred at any given site. Hermit crabs were also not identified to the species level; because more than one hermit crab species may have occurred at some sites, the number of hermit crab species in this analysis may be slightly underestimated.
The diversity of the prey species assemblage was estimated by the Shannon-Weiner diversity index, calculated a s H' = -Ep, In pi, where p, refers to the fraction of a l l prey individuals belonging to the ith species. Evenness was estimated as EV = H1/ln S , where s is the number of species in the sample (Pielou 1977) .
Since structural differences among the study sites could confound the relations between predators and prey, substrate type and heterogeneity were measured at 14 of the sites. Principal Components Analysis (PCA) was performed to reduce the number of variables and eliminate the confounding effects of intercorrelations. PCA reduces the dirnensionality of a set of variables with as little loss of information as possible by producing new 'variables' (components) that are linear combinations of the original variables and are uncorrelated with one another. A PCA of the habitat structure data yielded 2 components that together accounted for over 80 % of the total variance of the original data. The first principal component (PC1) represents the structural complexity of the habitat, while the second (PC2) represents rocks less than 10 cm in diameter (see Ambrose 1982b for further details).
Relations between predator and mean prey abundances for the 15 sites were examined using productmoment correlation coefficients. Partial correlations, holding the habitat PC1 and PC2 constant, were calculated for the 14 sites for which habitat data were available. Calculation of correlation coefficients for all possible pairs of variables resulted in large matrices of coefficients. Because of the Type I error accepted when testing the significance of these coefficients, the meaning of 'significance' is not always clear; for example, with 100 coefficients, 5 are expected to indicate a 'significant' relation by chance alone at the 0.05 probability level. To evaluate the overall significance pattern for each matrix, the confidence limits of the observed percentages of significant correlations were compared to that expected by chance alone (Rohlf & Sokal 1969, 208) . Multivariate analyses were performed using the BMDP Biomedical Computer programs (Dixon & Brown 1979) .
RESULTS

Shell censuses
Empty shells were censused in the field to indicate the magnitude of octopus predation relative to other sources of mortality. The percentage of empty snail shells with octopus drill holes ranged from 14 YO for Tegula eiseni to 69 O/ O for Norrisia norrisi (Table 1) . These data reflect only non-lobster mortality sources because lobsters crush shells before eating them, and only whole shells could be censused accurately.
Drilled shells may not represent the actual number of individuals eaten by Octopus bimaculatus because octopuses do not necessarily drill all snails they consume. Table 1 gives 3 independent estimates of the propohon of snails that were eaten by octopuses but not dnlled. With the exception of Tegula eiseni at Pumpernickel Cove, the 3 data sets are very similar in spite of different collection conditions (laboratory preference experiments, a field experiment, and natural field conditions).
Octopuses may also drill a snail without eating it. However, examination of live individuals in the field showed that, except for Norrisia norrisi, this event rarely occurred (Table 1) . Approximately 16 % of the live N. norrisi censused had been drilled at least once by octopuses. (Some drill holes may have been covered by barnacles [Schmitt et al. 19831 , but these would not bias the census because they also affect the drilled category.)
Adjusting the proportion of shells that were dnlled by taking into account the snails that were eaten but not drilled, and drilled but not eaten, I estimate that octopuses caused between 57 % and 99 % of the mortality experienced by the snails censused.
The shell censuses do not consider mortality due to lobsters. During the Isthmus Reef experiment, octopuses caused 6 times more mortahty than lobsters. A similar experiment on a cobble reef at Pumpernickel Cove (near Site #13), where lobsters apparently were more abundant, resulted in a rapid decimation of the Norrisia norrisi population by lobsters; lobsters accounted for 84 O/ O of the N. norrisi mortality while octopuses caused 16 O/ O (unpubl. data). But for the other snails in this experiment, lobsters caused no known mortahty. I infer that for some species, and perhaps at some sites, lobsters may occasionally be potent mortality sources, but they generally have much less impact. Since lobsters consistently consume some of the same snail species as octopuses, estimates of mortality due to octopuses based on shell censuses alone are probably somewhat high. Nonetheless, these data demonstrate that octopuses are a major mortahty source for their Prey. Table 1 . Natural snail mortality d u e to octopuses. Percentage of whole shells drilled was determined by field censuses. Percentages of snails eaten but not drilled (No. eaten but not drilled/total no. eaten) were determined by: (a) laboratory data; (b) mortality during an expenment at Pumpernickel Cove (near Site # 13), in which 100 marked snails each of Tegula eisenl, T. aureotincta and Norrisia nom'si were added to a cobble area with an unmanipulated octopus population and no seastars or KeUetja kelletii; and (c) prey discards recorded at East Bird Rock between Sep and Nov 1978. An overall average was used to adjust the shell census data (e.g. 33/73 = 50.7 % of T. e~s e n j were eaten but not drilled). The estimate of the percent mortahty d u e to octopuses was obtained by ad&ng the percent drilled to the percent eaten but not drilled (average) and subtracting the percent drilled but not eaten. N = total number of shells, TE = T. eiseni, TA = T. aureotincta. AU = Astraea undosa a n d NN = N. norrisi Field experiment at Isthmus Reef To determine the rate at which natural octopus populations can eliminate their prey, marked snails were added to an isolated rocky reef at Isthmus Reef. Octopus density, whlch was not manipulated, varied from 4.0 to 6.7 octopuses 100 m-2 during the experiment.
Within 24 d, octopuses consumed 21 to 26 % of the available snails (Table 2) . Octopuses accounted for approximately the same amount of the mortality for all 3 snall species. However, because emigration from the reef reduced the availability of Tegula aureotincta and Norrisia norrisi, all predators ate fewer individuals of these species (16 and 12, respectively) than T. eiseni (42). Octopuses ate 1.5 snails per day, with T. eiseni comprising nearly half of those eaten. These estimates are conservative because some of the undrilled snails were probably eaten by octopuses. Adjusted data, using the averages from Table 1, suggest that octo- 
Temporal comparison
Octopus abundance at East Bird Rock decreased from 40 in 1978 to 8 in 1982, while total prey densities increased steadily from 4.1 + 0.8 to 19.6 + 1.5 ind 0.25m-' (mean + SE; Fig. 2 ). Octopus abundance was negatively correlated with total prey abundance (r = -0.89, p < 0.05) and snail abundance (r = -0.90, p < 0.05). Prey group abundances were significantly different among years (2-way ANOVA, p < 0.001; Table 3A ).
There was no significant correlation between octopus density and the number of prey species (r = -0.44, n = 5), species diversity (r = -0.68) or evenness (r = -0.56) (Fig. 2) . However, the number of prey species, which varied from 3 to 10, was highest in the year of lowest octopus abundance. Moreover, it is possible that the effects of octopus predation would only be apparent some years after the predation occurred. To evaluate this possibility I calculated correlations between octopus abundance and the community parameters in the following year. The correlations with number of taxa and species diversity were better (r = -0.83 and r = -0.71, respectively, n = 4), while the correlation with evenness was poorer (r = -0.03).
Although only covering 3 yr, the species abundance patterns at West Bud Rock are virtually identical to those at East Bud Rock (Table 3B ). Between 1979 and 1981, octopus density decreased from 1.74 to 0 ind while total prey density increased from 2.5 + 0.6 to 7.8 + 1.3 ind 0.25m-~ (Fig. 3) . Snails again showed the greatest change, increasing 3-fold from 1.8 + 0.5 to 5.9 f 1.2 ind 0.25m-~. Hermit crabs also increased every year, but the other 3 taxa occurred in low abundance during all 3 yr. Community relations at West Bird Rock showed distinct trends (Fig. 3) , but these changes must be viewed in light of the small sample size of 3 yr. Nonetheless, the number of prey taxa increased from 3 to 5, yielding a significant negative correlation with octopus density (r = -0.9996, p < 0.05, n = 3). Species diversity consistently increased with decreasing octopus density, while evenness consistently decreased.
Species abundance relations
Although I have focused primarily on the effect of octopus predation, in evaluating the patterns of species abundances I have included 3 other major invertebrate predators and their prey. The densities of the 4 predators and 7 prey groups at the 15 locations sampled are given in Table 4 . (Abundances of the 27 individual species can be found in Ambrose 1982b). There are 11 significant correlations (10.2 %) between predator and prey species abundances (Table 5) , as many as could occur from chance alone given the number of comparisons. AU significant correlations are positive, and many are between predators and species not included in that predator's diet.
Because habitat structural variability among the study sites may have introduced enough 'noise' to mask true relations, partial correlations between predators and prey were calculated. In the partial correlations, the linear effects of the first 2 habitat principal components were removed. Nearly 20 % of the resulting partial correlations are significant (Table 5 ), more than expected by chance. The major effect of holding habitat structure constant has been to indcate a number of significant negative correlations between Pisaster giganteus and the prey species. Most of these correlations are with species that are not included in the diet of P. giganteus. Chama arcana, however, may make up a large portion of P. giganteus diets .
Since there is considerable overlap in diet among the predator species, the abundances of a prey group may be affected by more than one predator species at a time. I evaluated this 'diffuse predation' by examining the correlat~on between grouped predator abundances and their prey. Two predator groups were determined on the basis of diet. Octopus and lobsters were grouped together because they consume the same prey groups.
Although diet information for Kelletia kellek. is sparse, Rosenthal (1971) reports that it may consume many of the same items as Pisaster giganteus. Accordingly, it was grouped with P. giganteus. Predator group abundances were determined by adding the abundances of the individual predators. There were no significant correlations between the abundances of the 2 predator groups and their prey group abundances (Table 6) . When all 4 predators are considered together, they are significantly positively correlated with crustacean abundances (r = 0.67, p < 0.01; When the contribution of the habitat principal components is removed through partial correlations, there are 3 significant correlations between predator abundances and the measures of species richness and diversity of the prey community (Table 7) . Pisaster giganteus is negatively correlated with both the number of species and the prey species diversity at a site, and Kelletia kelletii is positively correlated with the number of species. The 3 significant correlations observed out of 20 could b e the result of statistical variation rather than reflecting real correlations, although the magnitude of the negative correlation with species richness suggests a real relation.
DISCUSSION
Community structure
A decrease in species diversity in response to predation pressure has been reported for marine (Sammarco et al. 1974 , Day 1977 , Virnstein 1977 , Lubchenco 1978 , Raffaeh 1979 , Vance 1979 , Holland et al. 1980 , Wiltse 1980 and freshwater (Addicott 1974 , Gilinsky 1984 
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Species no. Rock, where the highest species richness and diversity occurred in the year of the lowest octopus abundance, octopus predation appears to decrease the number of species in the assembIage. Species richness, diversity and evenness of the prey assemblage were generally not correlated with predator densities at different locations at Catalina Island, except for the negative partial correlations between Pisaster giganteus abundances and species richness and diversity when habitat structure is held constant. In general, the relation between predation and species diversity suggests that these predators reduce, rather then increase, diversity. In contrast, many studies have indicated that predation increases species diversity of rocky substrate marine communities (Paine 1966 , Paine & Vadas 1969 , Dayton 1971 , Porter 1972 , Day 1977 , Lubchenco 1978 , Peterson 1979 , Russ 1980 . The specific community response to predation depends on how effectively the predator reduces species abundances, how selective it is, and the nature of the competitive relations among the prey. Octopus bimaculatus can be effective in reducing prey abundance, and is a selective predator (Ambrose 1984) . However, competitive relations appear to be the principal factors determining how predation affects species richness in thls assemblage. The 'prey' species include most of the conspicuous invertebrates on subtidal rocky reefs at Catalina; none of the excluded species, such as sea cucumbers or urchins, seem likely to be dominant competitors. The relations among the prey species are explored more fully elsewhere (Ambrose 1982b) , with the results indicating the absence of a competitive dominant: even at low predator densities or high prey species abundances, no species has increased abundance at the expense of others. In the absence of one or a few competitive dominants, predation cannot increase species richness.
In all of the communities cited above for a positive effect of predation on species richness, the absence of predation results in dominance by a sessile species (sessile invertebrate or alga) that monopolizes a simple resource, space. Such simple dominance may be less likely to occur in an assemblage of motile species, for motility offers a dimension to the predator-prey relatlon not found with sessile prey. Motillty may reduce the effectiveness of a predator; it may also add complexity to the competitive relations among species. For these reasons, predation on motile prey species may be less likely to enhance the diversity of those assemblages. Of course, motility does not guarantee that competitive exclusion will not occur, and predation has been reported to increase the number of coexisting zooplankton species in several freshwater communities (Hall et al. 1970 , Zaret 1972 , N e d 1975 .
Prey abundances
Octopus predation accounts for an estimated 57 to 99 % of the snail mortality at Santa Catalina Island, more than the combined effects of seastars and gastropods.Octopus blrnaculatus may also be an important predator in the intertidal at Catalina, with >90 % of the shells of snails (Tegula funebralis and T. gallina) and abalone (Haliotis cracherodii) drilled (unpubl. data). Octopuses cause a similar proportion of the mortality of some species in other communities (Onuf 1.972, Fotheringham 1974 , Ambrose & Nelson 1983 , Fawcett 1984 . Moreover, the Isthmus Reef experiment indicates that, under those conditions, octopuses alone could effectively eliminate their prey in less than 100 d. Predation t h s intense would seem to be incompatible with the persistence of prey populations. In fact, the pre-manipulation snail density at Isthmus Reef was practically zero.
The changes in species abundances over several years at Bird Rock suggest that octopuses can reduce the abundances of unmanipulated prey populations. The negative correlation between octopus and snail abundances is particularly compelling evidence because it involves a temporal sequence of prey abundances, all measured at the same place. Of course, year-to-year variation due to unknown factors cannot be eliminated. But the fact that independent observations at West Bird Rock and East Bud Rock revealed the same patterns makes it unlikely that these patterns are due simply to chance.
Bivalves, sedentary grazers, and crustaceans occurred at low densities at Bird Rock throughout this period. The minimal association between these prey groups and octopus abundance could be because (1) octopus predation does not affect these groups, (2) the abundances of these prey groups were depressed by octopus predation even during years of low octopus density, or (3) there has been insufficient time for these populations to respond to reduced octopus predation intensity. Crustaceans, bivalves, and sedentary grazers are highly preferred prey of Octopus bimaculatus, and octopuses forage preferentialiy for these prey (Ambrose 1984) . Preferential predation would be consistent with the second explanation, so that even in years of low octopus abundance predation may be sufficiently intense to reduce the abundances of preferred prey.
From the inverse relations between octopus and prey abu.ndances at Bird Rock over several years, I expected a negative correlation between predator and prey abundances measured at several different locations at one point in time. Negative correlations between predators and prey have been previously reported for the Cata.lina Island (Schmitt 1982) and other marine (Com-mito 1982 , Mahoney & Livingston 1982 , Schroeter et al. 1983 , Fawcett 1984 and terrestrial (Lomolino 1984) communities. However. I found little evidence that prey abundances were negatively correlated with the abundances of their predators, either for simple correlations or partial correlations in which the effects of habitat structure were removed. These data suggest that, in the habitats studied here, predators do not influence the spatial structure of this prey assemblage.
Consideration of actual octopus densities suggests why there was no spatial association. The data indicating that octopuses reduce the abundances of their prey were collected under conditions of unusually high octopus densities. In 1978 the octopus density a t East Bird Rock, estimated at 3 ind loom-', was 1.4 times higher than that recorded in any other year over a 6 yr period, and 5 times higher than the density in 1982. During the Isthmus Reef experiment the octopus density was even higher: 4.0 to 6.7 octopuses Unusually high octopus densities such as these would b e more likely to result in a negative association between octopuses and their prey, whereas at normal densities octopuses may not reduce prey densities enough to disrupt the basic patterns of prey abundances that result from other processes, such as larval recruitment or influence of the physical environment. Thus octopuses at Santa Catalina Island may influence the spatial distribution of their prey when they are unusually abundant, but not at the densities normally encountered during this study.
Periodic increases in abundance have also been reported for other predators (Rees & Lumbry 1954 , Wiens 1977 , Ayling 1981 , Shachak et al. 1981 , Kephart & Arnold 1982 . The occasionally high densities of predators may have profound effects on prey populations. For example, a 'plague' of octopuses in the English Channel virtually eliminated large crustaceans for a period (Rees & Lumbry 1954) , and an exceptional event of predation by migrating birds decimated desert snail populations in Israel, with long-term pop.ulation consequences for one species (Shachak et al. 1981) . The mortality rate of these desert snails (30 to 70 % within 55 d) was similar to that experienced by the marine snails during the Isthmus Reef experiment. If occasional years of high predation intensity are interspersed with longer periods of much reduced predation, there are several important ecological and evolutionary implications. Some species may experience periods of unusually low population sizes while predation intensity is high, and these periods are likely to be unpredictable and asynchronous among locations and predator species. This pattern of predation may influence the life history features of many of the organisms in this assemblage (Ayling 1981) .
The relatively low intensity of predation that seems to b e the norm for this temperate community contrasts sharply with the intensity reported for some tropical communities. Tropical communities have more types of predators and year-round foraging by all predators (Menge & Lubchenco 1981) . Most shelled molluscs a t Catalina seem relatively immune to fish predation (pers. obs.), whereas fish in tropical communities effectively consume many shelled prey, and exposed benthic invertebrates are rare (Bertness et al. 1981 , Menge & Lubchenco 1981 . Fast-and slow-moving predators severely restrict the distributions and abundances of both sessile and motile species in these tropical communities , Menge & Lubchenco 1981 . Predation on subtidal invertebrates seems to b e much less intense a t Santa Catalina Island.
